The study presents p-T-x-y phase equilibria measurements of an oxygenated compound (furan) and one of its potential solvent of extraction (toluene). The experimental technique of the equipment recently developed is based on a "static analytic" method.
Introduction
Chemical and processes engineering require fluid thermodynamic models and accurate knowledge of phase diagrams. In effect, their knowledge is important for the design of efficient separation units like distillation and extraction 1 . A thermodynamic model allows prediction of thermophysical properties like densities, speed of sound and evaluation of phase diagrams. For example, phase diagrams can be used to predict distillation lines or residue curves for process separation. This step is very important for the design of separation units and to evaluate the difficulty of the separation. Successful design and simulation of separation units by process simulation software rely on accurate phase equilibrium computations using various thermodynamic models (equations of state and/or model of solution) that generally contain several empirical parameters. In the common engineering practice, the values of these parameters are adjusted, if possible, on different sets of experimental data such as limiting activity coefficient, heat of mixing, vapor-liquid or liquid-liquid equilibria (VLE, LLE, etc.), of the systems of interest. Measurements of accurate experimental data require efficient equipment. Recently, Zhang et al. 2 have developed a new equipment for data acquisition of equilibrium properties at low pressure from 50 mbar to 10 bar using a "static-analytic method". In their paper, it has been applied to investigate vapour liquid equilibrium properties of systems containing organic sulfur compounds. New sampling mechanisms were combined with ROLSI® capillary samplers 3 to achieve on-line sampling for both vapor and liquid phases. Phase samples were directly sent to a gas chromatograph (GC) for composition analysis.
In this paper, new experimental data of the Furan + Toluene binary system are presented. Furan is an interesting molecule. It can be used as an intermediate in order to produce new molecules for pharmaceutical applications, for example. Also, it is possible to extract furan from bio-oil, produced from wood pyrolysis. Toluene can be a suitable extraction solvent. NRTL activity coefficient model 4 , based on a "gamma-phi" approach, is used to correlate experimental data. This system was previously studied by Nala et al. 5 at atmospheric pressure using an ebulliometer. In this paper, we also propose to compare the results obtained using both techniques.
Experimental

Materials
The sources and the qualities of the used chemicals, as certified by the manufacturers, are presented in Table 1 . Indices of refraction at the sodium D-line (nD) are also measured and compared with supplier values. Considering the high level of purity of these chemicals, no further purification or pretreatment were performed.
[ Table 1 ]
Apparatus and Experimental Procedure
The equipment was previously presented and described by Zhang et al. 2 . The equilibrium cell is immersed in a thermo-regulated liquid bath (LAUDA Proline RP 3530 C).
The temperature of the equilibrium cell was measured using two (Pt-100) platinum probes.
The two probes were calibrated by comparison with a 25 Ω reference platinum probe 
Consequently, for a binary system, one can calculate uncertainty on mole fraction x 1 by using
Equation 4 reminds the combined standard temperature uncertainty on molar composition.
Correlation
The correlation of the experimental measurements was obtained using a "gamma phi" approach. In this work, the vapor phase is considered as an ideal phase. Eq. 5 is the DIPPR type equation used to calculate the pure component vapour pressure.
The corresponding parameters are presented in the Table 2. [ Table 2] The NRTL activity coefficient model is considered for the liquid phase. Eq. 6 is the expression of the excess Gibbs energy model based on NRTL model (Eqs. 7 and 8 details the calculation of the different parameters)..
n is the number of components in the system.
ii and g jj are interaction energies between two molecules. It is important to note that 0 and
. In our case, we have considered
C and are the adjustable binary parameters. Binary interaction parameters are fitted using the Simulis Thermodynamics TM software package (from Prosim, Toulouse, France). Eq. 9 is considered as objective function (a Flash type algorithm is also considered for the calculation of equilibrium properties).
N is the number of experimental data points and z i,exp and z i,cal are the experimental and calculated compositions for each phase, respectively.
Results and discussion
The results are presented in Table 3 .
[ Table 3 ]
We have checked the consistency of the data. For each isotherm we have determined the activity coeffcient of both species using experimental data and used the classical area test (Eq. 10).
Densities of several mixtures of furan and toluene (Table 4 ) at 303.15 K were measured by Nala et al. 5 using an Anton Paar DM5000 density meter with reported accuracy of ± 0.00001 g/cm 3 .
[ Table 4 ]
We can notice that excess molar volumes are very low. Consequently, excess molar volume between these two species can be neglected.
As measurements have been done at constant temperature, Eq. 11 can be used for the classical area test.
Finally, after integration of Eq. 10, we obtained the final criteria (Eq. 12) for the classical area test.
We have determined experimentaly the activity coefficient with Eq. 13.
The uncertainty of the activity coefficients is determined considering the uncertainties of vapor and liquid compositions and uncertainty on pressure. The results are presented on Figures 1 to 3 for the different temperatures studied. We can conclude that the test is a success and so consider that the new data are consistent. Table 5 presents adjusted NRTL activity coefficiant binary interaction parameters. Figure 4 presents the three isotherms and their modelling.
[ Table 5 The performance of the model used to correlate the experimental data was evaluated by means of the following relative deviations, BIASz and AADz which are expressed by Eqs.
14 and 15.
where N is the number of experimental measurements. Results are presented in Table 6 . As
we can see, the data are well correlated by the model.
[ Table 6 ]
[ Figure 4 ] Figure 4 reveals that an ideal Raoult's law behaviour is observed. In order to confirm this observation, limiting activity coefficient of furan in toluene were determined using a gas stripping method. The apparatus is fully described in the recent publication by Zin et al. 6 . This technique is based on the evolution of vapor phase composition when the highly diluted solute (furan) of the liquid mixture in a dilutor cell is stripped by a constant flow of inert gas (helium). Eq. 16 reminds the expression used to calculate the apparent Henry's law constant. Table 2 ). Ideal gas law is considered for the gas phase.
Results are presented in Table 7 and Figure 5 . As we can see the limiting activity coefficient of furan in toluene is close to 1. It confirms the ideal solution behaviour observed.
[ Table 7 ]
[ Figure 5] In the paper published by Nala et al. 5 VLE data of the furan + toluene binary system were measured at atmopsheric pressure. We have predicted their experimental data using our developped model. The results are presented in Table 8 and plotted on [ Table 8 ]
[ Figure 6 ]
Conclusions
New vapor liquid equilibrium data of the furan + toluene binary system were measured using the new equipment developped in the CTP research group 2 . This new equipment allows the mesurement of vapor liquid equilibrium properties at low pressure using the "static analytic method". New data measured were correlated using the NRTL activity coefficient model in a gamma phi approach. Data measured by Nala et al. Symbol: experimental data from Nala et al. (1) + toluene (2) binary system at atmospheric pressure (p=101.325 kPa) from Nala et al. 5 . U(T, k=2)= 0.02 K, U(P, k=2)= 0.02 kPa. Symbol: experimental data from Nala et al. 5 .
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